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the  inhibi t ion of se rum dopamine /%hydroxy lase  by  fusaric 
acid in vivo m a y  become irreversible.  Ano the r  possible 
exp lana t ion  m a y  be t h a t  fusaric aid inhibi ts  the  discharge 
of the  enzyme f rom the  s y m p a t h e t i c  nerve  endings.  This 
p rob lem remains  for fu r ther  inves t iga t ion t .  
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Zusammen/assung. Die Dopamin- f i -Hydroxy lase -Akt i -  
vit&t im menschl ichen  Serum wurde  nach  der  oralen 
Zufuhr  yon Fusar ins~ure  (50-300 mg) s tark  gehemmt .  
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Non-Membrane-Bound  Cytoplasmic Deposits in Krabbe Globoid Leukodystrophy: Further Evidence 
for a Revised Concept of Lysosomal  Storage Diseases 

In  the  pas t  decade,  b iochemica l  s tudies  have  revealed 
t h a t  the  essent ial  defect  under ly ing  m a n y  of the  inher i ted  
s torage diseases is a genet ical ly  de te rmined  block in one 
or more  degrada t ive  pa thways ,  i.e., a lacking or ex t r eme ly  
lowered ac t iv i ty  of one or more  catabol ic  enzymes.  These 
are main ly  hydrolases  w i th  acid p H  o p t i m u m  largely 
localized wi th in  cy toplasmic  organelles defined by  and 
compr ised  in the  lysosome concept .  I t  is, therefore ,  no t  
as tonish ing  tha t ,  in var ious  thesaur ismoses ,  the  respect ive  
s torage mater ia l s  were found to  be depos i ted  for the  mos t  
p a r t  inside m e m b r a n e - b o u n d  cy top lasmic  bodies  or 
vacuoles of lysosomal  nature .  Accordingly,  the  t e r m  
' inborn  lysosomal  s torage diseases '  was i n t r o d u c e d  to 
des ignate  metabol ic  errors of th is  k ind 1, 2. As to the  mech-  
an isms by  which  the  s torage subs tances  gain en t rance  
into and  can be concen t r a t ed  wi th in  the  lysosome sys tem,  
two p a t h w a y s  have  been  pos tu la ted :  cellular a u t o p h a g y  
and endocytos is  1, ~. In  the  case of def ic ient  ac t iv i ty  of one 
or more  acid hydrolases  normal ly  carried in to  au tophagic  
and he te rophagic  vacuoles by  p r i m a r y  lysosomes,  the  
na tu ra l  subs t ra tes  of these  enzymes  canno t  be cleaved 
dur ing digest ion of the  vacuole contents ,  and thus  remain  
as iner t  residues wi th in  the  vacuoles.  Repe t i t i on  of such an 
incomple te  degrada t ive  process mus t  necessar i ly  cause an 
accumula t ion  of indigest ible  subs tances  inside an in- 
creasing n u m b e r  of secondary  lysosomes and/or  residual  
bodies ~, 2. 

Krabbe  globoid l eukodys t rophy  (GLD) is in essence a 
he red i t a ry  disorder  of galactocerebroside  me tabo l i sm 
t r a n s m i t t e d  mos t  p robab ly  as an au tosomal  recessive 
t r a i t<  We  examined  electron microscopical ly  a bra in  
b iopsy  f rom a child wi th  GLD, and we observed numerous  
cells conta in ing  the  mul t i angula r  po lymorphous  inclusions 
which are said to be charac ter i s t ic  of K r a b b e ' s  disease and  
to  consis t  for the  mos t  pa r t  of galactocerebrosides% I t  was 
r emarkab le  t h a t  these  deposi ts  were p resen t  by  no means  
exclusively wi th in  m e m b r a n e - b o u n d  lysosome-l ike bodies 
or vacuoles of var iable  size and appearance .  Many  inclu- 
sions were me t  wi th  also lying free in the  ground cyto-  
p l a sm or e m b e d d e d  in n o n - m e m b r a n e - b o u n d  pa tches  of a 
fairly opaque  subs tance  (Figure). From. the  perusal  of 
t he  p e r t i n e n t  l i te ra ture  it became  obvious  to us t h a t  this  
s t r ik ing f inding had  a l ready  been  observed by  some o ther  
authors ,  who had  s tudied  the  u l t r a s t ruc tu ra l  a l te ra t ions  
in the  cent ra l  or per iphera l  nervous  sys tem of GLD 
pa t i en t s  pr ior  to  us 5 L In  one paper  i t  had  even been  
empha t i ca l ly  s t a t ed  t h a t  t he  cy toplasmic  inclusions seen 

in a nerve  b iopsy  f rom a child wi th  GLD were never  mem-  
b rane -bound  s. 

Till now, two di f ferent  enzymes  have  been  shown in 
h u m a n  GLD to be cons i s ten t ly  reduced  in ac t iv i ty .  The 
earlier de tec ted  one is l ipid sulfotransferase,  a b iosyn the t i c  
enzyme which cata lyzes  the  con juga t ion  of galacto-  
cerebrosides wi th  sul tate  groups to form sulfatides.  The 
o ther  and  later  de tec ted  one is galac tocerebros ide  fl- 
galactosidase,  a degrada t ive  enzyme which  cata lyzes  the  
spl i t t ing  of galactose f rom galactocerebrosides  to  form 
c e r a m i d e s t  However ,  sul fot ransferase  def ic iency was 
found to be largely res t r ic ted  to the  bra in  a,9, whereas  
reduced ac t iv i ty  of galactocerebros ide  fl-galactoMdase 
could be d e m o n s t r a t e d  in the  CNS as well as in a va r i e ty  
of non-nervous  t issues 8, 10. Moreover,  galactocerebroside  
fi-galactosidase could recent ly  be shown to  be par t i a l ly  
def ic ient  in cells and blood serum from he te rozygous  
carriers of GLD 10. All th is  toge the r  would suggest  t h a t  t he  
defect  of th is  specific galactosidase  is more  l ikely to be 
the  pr imary ,  genet ical ly  de t e rmined  cause of K r a b b e ' s  
disease. Never theless ,  lowered lipid su l fo t rans ierase  
ac t iv i ty  in the  bra in  mus t  be regarded  also as an integral  
tea ture  of h u m a n  GLD 9. 

The fact  t h a t  cy toplasmic  galactocerebros ide  deposi ts  
m a y  occur, a t  least  in some cases and/or  in cer ta in  stages 
of h u m a n  GLD, b o t h  inside and outs ide  the  lysosome 
sys tem,  seems, a t  f irst  glance, to  be incompat ib le  wi th  the  
general  concept  of inborn  lysosomal  s torage  diseases. In  
order  to expla in  th is  morphologica l  f inding w i t h o u t  
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giving up  comple t e ly  t h e  above  concept ,  we should  l ike 
to  sugges t  t he  following. F i r s t  of all, i t  shou ld  be  em- 
phas i zed  t h a t  on ly  one of t he  two  enzymes  i n v o l v e d  in  
th i s  pa tho log ica l  process,  n a m e l y  ga lac torecebros ide  fl- 
ga lac tos idase ,  is a lysosomal  one. L ip id  su l fo t rans te rase ,  
on  t he  o t h e r  hand ,  is no t  l y sosome-bound  bu t ,  l ike o the r  
t ransferases ,  i t  is closely assoc ia ted  w i t h  t he  smoo th -  
sur faced  endop lasmic  r e t i c u l u m  9. One m a y  sugges t  t h a t ,  
in  t h e  course of K r a b b e ' s  disease,  de f ic ien t  or a b s e n t  
a c t i v i t y  of ga lac toce rebros ide  /%galactosidase is respons-  
ible m a i n l y  for t h e  a c c u m u l a t i o n  of ga lac tocerebros ides  
w i t h i n  m e m b r a n e - b o u n d  vacuoles  or bodies  of lysosomal  

n a t u r e ;  lowered l ip id  su l fo t rans fe rase  ac t iv i ty ,  in  tu rn ,  
a ccoun t s  for t h e  depos i t ion  of p a r t i c u l a t e  galactocere-  
b ros ide  inclus ions  w i t h i n  t h e  cy top l a smic  m a t r i x  proper .  
Secondly,  l i be ra t ion  of or ig ina l ly  i n t r a ly sosoma l  galacto-  
cerebros ide  depos i t s  in to  t h e  g r o u n d  c y t o p l a s m  as a conse- 
quence  of m e m b r a n e  l ab i l i za t ion  a n d  lysosome leakage,  
m u s t  also be  t a k e n  in to  cons idera t ion .  F ina l ly ,  i t  shou ld  
be m e n t i o n e d  t h a t ,  in  K r a b b e ' s  disease, m e m b r a n e - b o u n d  
lysosomal  s t r u c t u r e s  m a y  be  on ly  secondar i ly  i nvo lved  in 
t h e  process  of s torage,  as has  been  supposed  in some o the r  
sphingol ip idoses  ~. Th i s  would  imply ,  of course, an  in i t i a l  
ex t r a l y s o s o ma l  s tage  of t h e  depos i t ed  subs tances .  More- 
over,  one would  be  compel led  to  a s sume  t h a t  lysosomal  
hydro la ses  m a y  be  opera t ive ,  a t  leas t  to  some e x t e n t  and /  
or for sho r t  in te rva l s ,  also ou t  of t h e  lysosome s y s t e m  in 
n o r m a l  cell me t ab o l i s m .  U p  to t h e  presen t ,  no d i rec t  
ev idence  exis ts  for a n y  of these  hypo theses .  However ,  we 
feel t h a t  one or more  of t h e m  m a y  be  ver i f ied  in t he  
future .  Be t h a t  as i t  may ,  t h e  genera l  concep t  of i n b o r n  
lysosomal  s torage  diseases e v i d e n t l y  requi res  recons idera-  
t i on  a n d / o r  comple t ion .  I n  i ts  p r e s en t  Iorm, i t  does n o t  
sa t i s fac tor i ly  exp la in  all  morpho log ica l  f ind ings  t h u s  far  
o b t a i n e d  in h u m a n  G L D  as wel l  as in  va r ious  o the r  
s torage  diseases. 

Zusammenjassu~g. Bei der  K r a b b e s c h e n  L e u k o d y s t r o -  
ph ie  k 6 n n e n  die c h a r a k t e r i s t i s c h e n  Zy top l a smae in t age -  
r u n g e n  sowohl  i n n e r h a l b  als s u c h  aus se rha lb  m e m b r a n -  
beg renz t e r  lysosomaler  K o m p a r t i m e n t e  v o r k o m m e n .  Es  
wird  ve r such t ,  fiir d iesen B e f u n d  einige p laus ib le  Erkl~i- 
r u n g e n  zu geben.  Ausse rdem wird  he rvo rgehoben ,  dass  das  
a l lgemeine  K o n z e p t  der  a n g e b o r e n e n  lysosomalen  Spei- 
c h e r k r a n k h e i t e n  in seiner  b i sher igen  F o r m  n i c h t  ausre ich t ,  
alle morpho log i schen  B e o b a c h t u n g e n  bei  den  verschie-  
denen  T h e s a u r i s m o s e n  bef r ied igend  zu deuten .  
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Cytoplasmic portion of an inclusion-bearing cell in GLD brain biopsy 
material. Note polygonally shaped and needle-like profiles represent- 
ing transversally and longitudinally sectioned deposits which ob- 
viously lack any membranous demarcation against the ground cyto- 
plasm. • 30,000. 
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F r a c t i o n a t i o n  a n d  C h a r a c t e r i z a t i o n  o f  C e l l  N u c l e i  

Severa l  d i f fe ren t  i so la t ion  and  f r a c t i o n a t i o n  m e t h o d s  
h a v e  been  deve loped  for b r a i n  nuc le i  2-~, b u t  c r i t e r i a  for 
t h e i r  d i f f e r en t i a t i on  are  st i l l  con t rovers ia l .  The  p r o t e i n /  
D N A  ra t ios  found  in  t h e  l i t e r a t u r e  v a r y  r e m a r k a b l y  ~-6, 
a n d  no  i n f o r m a t i o n  can  be  found  on t h e  p r o b l e m  of 
r ep roduc ib i l i t y .  F o r  our  p rocedure  we a d o p t e d  a s l igh t ly  
modi f ied  m e t h o d  of BURDNAN 2, w h i c h  gave  r ep roduc ib l e  
resu l t s  w h e n  a s t r i c t  t i m e  t a b l e  was observed .  Since t h e  
morpho log ica l  c r i t e r i a  descr ibed  in t h e  l i t e r a t u r e  are 
c l e a r l y  insuff ic ient ,  we h a v e  cha rac t e r i zed  our  nucle i  b y  
chemica l  p a r a m e t e r s ,  a n d  these  will  be  c o m p a r e d  w i t h  
t h e  f ind ings  of o t h e r  au thors .  

Methods: (Times in p a r e n t h e s i s  i nd i ca t e  m i n  b e t w e e n  
t he  d e a t h  of t h e  a n i m a l  a n d  t h e  n e x t  s tep  of t h e  procedure) .  
2 ma le  r a t s  (300-400 g) used for  each  e x p e r i m e n t  are  
anaes thes i zed  a n d  ki l led b y  decap i t a t i on .  All  f u r t h e r  s teps  

f r o m  R a t  N e o c o r t e x  b y  P r o t e i n - D N A  R a t i o s  1 

are car r ied  ou t  a t  0-4~ The  c o m b i n e d  neoco r t ex  (ca. 1.2 g) 
is homogen ized  (15 rain) b y  h a n d  (15 s trokes)  w i t h  0 . 3 2 M  
sucrose c o n t a i n i n g  1 m M  MgCI 2 a n d  1 m M  KH2PO~, 
p H  6.5 (w/v 1 : 15), w i t h  a Tef lon  pes t le  in  a P o t t e r  h o m o -  
genizer.  T h e  h o m o g e n a t e  is d i lu ted  to  50 mI  w i t h  homo-  
geniza tJon m e d i u m  a n d  cen t r i fuged  for 10 mi n  a t  900 g,v 
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